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Abstract
The photocatalytic degradation of some benzene derivatives over TiO2 (Phenol, Chlorobenzene and Toluene) in aqueous
medium is compared to the reaction of the benzene. The rates of disappearence fit Langmuir-Hinshelwood kinetics and the
parameter k has been determined. The electronic effect of the substituent is responsible of the kinetic of photodegradation of
the aromatic compound and can lead to particular modes of adsorption on catalyst: more reactivity is observed with an
electron-donating substituent. New concepts for new photocatalysts can then be defined by doping foreign materials into
TiO2 photocatalyst.
© 2009 Elsevier B.V.
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1. Introduction
The presence of benzene derivatives in the water supply has increased in the last few years because their high
stability in solution and their extensive use as pesticides and herbicides. Their elimination is necessary,
especially if the water is destined for household consumption. Heterogeneous photocatalysis in aqueous
suspensions and in the presence of oxygen is a technique, currently used for the degradation of organic polluants
in water into mineral non-toxic compounds [1-5]. This means that the compounds are broken down into H2O and
CO2.The oxygen needed for the experiment is aerated throughout the contaminated water.
This advanced oxidation technique could be used on some aromatics that are resistant to normal oxidation
reactions [6]. A semi-conductor (TiO2) absorbs light and transfers the photonic energy into chemical one through
a redox system. Among many photocatalysts, TiO2 is almost the only material suitable for industrial use because
it has the most efficient photoactivity, the highest stability and the lowest cost. The successive steps involve the
oxidation of organics through reactions with the holes, created by the promotion of excited electrons to the
conduction band of titanium dioxide or with radicals generated from the solvent, from the catalyst surface and
from adsorbed oxygen, under illumination with UV-light.
The aim of this study is to determine the electronic effect of the substituent on the photodegradation of the
benzene derivatives: Benzene (1), Toluene (2), Chlorobenzene (3) and Phenol (4) in aqueous medium and to
compare their degradation by means of kinetic analysis. Under our experimental conditions we cannot determine
attacked molecule, aromatic or radical.
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2. Experimental
Experiments were performed at room temperature in a 300 mL open cylindrical Pyrex cell irradiated with an
HPK 125 W mercury lamp and cooled by circulating water.
- Bidistilled water was used as solvent
- Aromatic compounds were purchased from Aldrich.
- TiO2 was Degussa P-25
200 mL of a solution 10-4 M of the aromatic compound with 100 mg of TiO2 were introduced into the
reactor under oxygen bubbling. At different time intervals, aliquots of solution were taken and analyzed by gas
chromatography (CPV), using an OV-1 type glass capillary column (25 m ; 0.23 mm).
3. Results and discussion
We only took into account the kinetics of disappearance of the aromatic compounds because our analytical
technique was not suitable for detecting weak concentrations. No attention was given to the resulting appearance
/ disappearance of intermediates. In the literature the action of radicals ~OH on the photocatalytic degradation of
organic compounds in aqueous solutions is reported [7-8]. These ~OH radicals can be produced by the surface
reaction of photoproduced holes with adsorbed water and are efficient in promoting degradation processes.
Figure 1 shows the kinetics of disappearance of the studied organic compounds in aqueous medium.




























Fig. 1. Photocatalytic disappearance of benzene derivatives vs.time with 100 mg TiO2
The disappearance vs. Time (Fig.1) follows apparent first-order kinetics:V= - d [Organic Compound] / dt = k
[Organic Compound].
The linear transformation: Ln[Organic Compound] = -kt + Ln[Organic Compound]0, (Fig.2), allows the
values of their intrinsic reactivities by the measure of the parameter k which is the slope of the straight line (table
1).
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Fig. 2. Linear transform of the disappearance of benzene derivatives vs.time
These results clearly demonstrate a relation between photodegradation of the organic compound and nature of
the substituent on aromatic ring. Small degradation of compounds substituted with electron-withdrawing radicals
(Cl, OH) is observed comparatively to compounds substituted with electron-donating one (CH3).
To describe the effects of the radicals on the photodegradation of benzene derivatives, localized (inductive)
and delocalized (resonance) electronic effects of substituents are considered. The localized effect is represented
by the substituent constant i and the delocalized effect by R. These constants reported in table 1 are positive or
negative depending on the electron-withdrawing or electron-donating ability of the substituent [9].
Table 1. Inductive (I ) and Resonance (R ) substituent parameters [9]
Substituent H CH3 OH Cl
I 0,00 -0,04 +0,19 +0,34
R 0,00 -0,11 -0,34 -0,07
Parameter k 0,27 0,23 0,31 0,37
(h-1)
As expected, k varies with the character of the radical and the reactions follow apparent first-order kinetics.
These experiments show that aromatic compounds degradation is faster with electron-donating radical (alkyl
group) than with strongly electron-withdrawing radicals (Cl, OH) after 6 hours of irradiation in water. In other
words, the contrasting behavior observed for the aromatic compounds degradation shows the existence of two
different catalytic sites for TiO2: one, associated with an electron-withdrawing character ( < 0) favoring
adsorption of aromatic ring substituted with electron-withdrawing radicals (OH, Cl), the other associated with an
electron-donating character ( > 0) favoring adsorption of benzene substituted with electro-donor group (alkyl
group). The existence of two catalytic sites has often been discussed in the literature [5].
4. Conclusion
The photocatalytic degradation of substituted benzene has been demonstrated in aqueous medium. It follows
Langmuir-Hinshelwood kinetics. The degradation of this compounds increases with increasing the electro-donor
character of the substituent on the aromatic ring. Therefore, in order to improve a catalytic system or to define
new concepts for new photocatalysts by introducing foreign elements into TiO2, it is necessary to take into
account the present results.
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